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A BRIEF RESUME OF THE WORK DONE BY TRE ON "LONGSHOT

1. THE TYPE OF WEAPON

In its present form "Longshot" is cnvisaged as an air launched short
range weapon. Tiw Longehot dart is aceelerated to a supersonic velocity
by moans ol a rocket boost, and when the boost and dart have separated, the
dart coasts and is automatieally pguided to the target aircraft flying along
a bean laid down by a lock follow AT X-band Radar in thc attacking aircraft.
The Longshot dart will be eontrolled from a range of 1000' from the attack-
ing aircraft and tho cxpeeted range will be over 2000 yards.

The dart is roll stabilised and a proximity fuse will be uscd.

<. THE CCNTROL SYSTEM

2.1 Target Detection

Pulsed X-band Redars (e.g. Mark 9 AT X-band) at present dosigned or
under design, can detect aireraft targets, which are within the forward
looking hemisphere, and up to a range of 7 miles approximately. Vhen
the turget rango is less than 5 miles the radar is able to lock on to

he target to within 1/4°, so that the position of the target aircraft
welativa to the attacking aireraft is known in range, azimuth and elevation.
it maximmua range, the error is of thc order of 35 yards and at 2000 yards
range tho inaccuracy is of the order of 8 yards. This error is duc to a
variety of cffects, whiech include:-

(1) 4dwerfect lock follow.
(ii) a limitation in the sharpness of the aerial polar diagram.

(iii) the uncertainty of the position of the "centre of gravity" of
the signal refleccted from the target.

These offcets result in a jitter in the measurcment of the azimuth
and clevation angles., However, if a pulsed X-bamd radar is used to lay
down a bean to control the Longshot dart it is anticipatcd that satisfactory
beam riding will be obtained,

2,2 lissile Position Determination

For an automatic 111] controlled missile flying along a beam laid
dovm by a pulsed radar in the attacking aireraft to the target aircraft,
certain information must be transmitted to the missile so that the position
of the missile relative to the axis of the beam can be determined. The
normal eonical scan of the radar, locking on to the target aircraft, will
provido at the missile a measure of the angular misaligrment of the missilo
Prom the axis of the boan. This will sppear as a sine wave amplitude
modulation of the pulscs as reccived at the missile.

Let £ be the seanning frequency
Let 6 be the misaligrnment angle of the missile to the beam axis
Let us mcasure tho phase of the beam rotation fram the time the bean
is vertioal
\ Let @ be the phaso of: the misaligmment sine wave relative to the
p, phase of the eonically scanning beam
\ Let R bc the range of the missile from the radar
81 DEC 1048 Let 1 be the lincar misaligmuent of the missile fram the beam
Let hy and hyg bo the components of the linear misaligrment in the
vertieal and horizontal respectively

The misaligiment sine wave has the form
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It is necesary to© convert the angular misaligment @ to the linear
mi saligrment h by using the relationship h =R 3in §; or for small
angles ©, h = R9, The range term is introduced in the missile by
means of a clock operated notenticmeter, and the linear misaligmment
sine wave becomes h sin (2xft + « ).

It is assuwaed hsre that at the tlme the missile leaves the air-
oraft a gyro, which has been fixed relative to the aircrefity is released,
and that the missilc has boen roll stabilised, The information on
the position of the conical scan must bec rclayed to the missile, This
is obtained by a pulse staggering technique. Alternate pulses are
staggerod from the equi-spaced position by an amount which is proportional
to the sine of the angle of the beam rotation to the vertiiocal,

Within the wissile this pulsc staggering is converted into a
reference sinc wave of large amplitude (A sin 2xft) and by means of a
pair of phasc scnsitive rectificrs, the misaligmment signel is split
up into two compunonts

hy = hoos o

hH = hsin o

In this way thc position of the missile relative to the beam axis
has boen defineds The accuracy of the measurement of the pesition of
the missile rclative to the beam depends on the following factors:-

(i) the linearity of the modulation of the signal with the angle
off the beam axis.

(ii) the linearity of the dutecior and amplifier in the missile
receliver.

(iii) The accuracy of the phasc scusitive rectificrs and the
ability of the rofercnocc sine wave generator in the missile
to copc with large amplitude changes of signal and spurious
pulscs.

2.3 Missilc Control

The question of how the missilc control surfaces should be moved
in order to reduce tno misaligmeent fram the beam axis quickly and
stably to zero must be considerod in the lisht of the aerodynemics of
the missile. The Longshot dart has crossed wings and crossed rudders
behind the wings, and it is dcsignud so as to have nearly noutral
weathcroeck stability. The control of the dart is applicd by moving
the rudders from sidc to side. This causes the dart io yaw or witch
and latcral furces on the wings result.

In order to reducc the misalignment of the dart fromn the beam
axis to zero the control circuit demands a lateral acculeration pro-~
portional to misaligrment with some of the first differential of the
misaligment fed int. give critical demping. The stiffness of this
ovontrol is such that a misalignment of 15 feet with no lateral
velooity demands 10 g acccleration sideways. Demands greater than
this are limited to 10 g« The rcsponac time for a 150 foot step
function of misaligmment is about 2 seconds. To obtain a demanded
lateral acceleration with ruddcrs of the type described above a fur~
ther loop is requircd sincc the equation connecting rudder position
and lstoral acceleration is itself a sccond order diffcrential
equation. A latcral sccclerometor is therefure used as an inter-
mediary in order to indicate when the required accelcration has been
set up, and ruddor reversals are demanded when the input domand is not
exactly balanced out by tho accelerometer output, the latter being
phase advancod to give damping. Thus the missile flies with its
rudders continually vibrating. This type of control is referred to
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a8 "bang-bang" control.
3. [HE STATUS OF LONGSHOT

The block diagrams of the airoraft and missile equipments are given
in t'e accompanying drawings in Pig. 1.

341 fihe Adrcraft Fquipment

The mcdifications to a standard lock follow AL X-band radax are
indicated in tho drawings. A series of 1/2 psec. pulses of recurrence
1250 o/c arc produced by the multivibrator. Theso pulses are fed to a
phantastron ecircuit and a signal proportional to the sine of the angle of
thu boam rotation is also fed ine (A gyro unit will correct for the bank-
ing of the aireraft after the time of firing). From this phantastron oir-
ocult a scrivs of pulscs are produced which arc staggered from the mid point
of thc cgui-spaced pulses, and the two scries of pulses are mixed and uscd
to tripger the nodulator,

342 The Misdle Equipment

3.2,1 The acrisl consists of an open-ended X-band wave guide set up
at the tail of the dart. In order to ensure that the signal
level at the orystal detector is constant an RP typc of AGC is
usod. This ACC beforc the erystal must be used, so that the
orystal will work at a constant point in its characteristic,
apd the law of dctection will be independent of signal strongth
(and range). The RF AGC is obtained by a modiflcd TR tube
in which the keop alive eurrent controls the attenuation of the
signal, This uttenuating characteristic has becn cbtained and
the AGC has been illustrateds During the control period
the dart and boost have scparated and there is no intcrferencc
duo to rocket flame attenuation,

3.2:2 Video amplificrs have been moade with satisfactory gain and
distortion oharacteristios, but tests still have to be perfor-
med to olear up troubles due to microphonica, If these are
unauccessful, as ruevealed by benchk and £light tosts, consider-
ation will be given to other forms of amplifiers.

3.2,3 ‘At the present moment the circuit to produce the reference sine
wave worke satisfactorily if the misaligmment is not too large
and if there are no spurious interfering pulses. Changes in
this circuit, at present under development should remove the
above limitations. The phase sensitive rectifiers, which are
uscd to combine the misaligmacnt sine wave and the refercnec
sine wave to give the two oomponents of misaligmucnt, make
usc of four rcotifiers and work quite satisfactorily.

3.2.4 An outline of the working of the control circuit has been
given sbove and a block diagrem of the conirol oircuit in ome
plane assoclated with an acrodynomic simulator is given in
Fige 2. A lateral acccleration proportional to misaligmment

h) with some of the first differential of the misellgmment
a i) is demanded, amd this is balanced against the measured

latoral occeleration gh) with some of the first differential

of acceleration (bh'""). On aocount of the slow natural perioed
of oscillation of the rudders, the AC component of a signal
proportional to rudder nosition is also fod in to specd up the
rudder oscillation. Using estimatod acrodynamic constants in
the serodynanics simulator, stable amd rapid responses <f the
systen have been obtained, For example, with an initial
misaligment (h) = 150', h' = 0 apd h™ = 0, the misaligmment
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is reduecd to zero in under 1.5 seconds and the overchoot is
less than 15'.

je2.5 Varlous methods of measurlng the lateral acccleration have becn
uced with varying degreces of successe A system which makes
use of carbon piles has a very rapid responso (1/200 sec.)
but there are back-lash troubles. A mechanical acceleronweter
has boen madc but tho natural period is too slow (1/16 scc.).
The final accelerometer nmay take the form of a heavy mass
constrained by a pair of springs to give a sufficiently
rapid response. The movenient would roguirc mechanieal
uplification so that sweep of the aru of a potentiameter
would bo sufficient.

4o USSIBLE FUTURE TRENDS

A decision has recently been made to change the mechanical form of
the Iongshot dart.e RAE stated that the time to cestablish beam riding with
the 3" diancter dart was not leas than the time using a 5" diamcter dart.
The latter is a more probable size for the final weapon, and gives more
space for experimental purposes whon the dart is used as a test vchicle.
slthough this introduces a delay in the developuwsnt of the radio camponents
duc to mechanical and aerodynanic changos, a greater freedom is given.
This means that various schemes, which could not bo used previously because
of thc space limitation, can now bc tried., The following can now be
investigateds~

el Tiproved eircuits for the generation in the dart of the reference
sinc wave.

4,2 Vorious methods of roll stabilisation and roll eompensation.

4.2.1 A free gyro in the dart nay be used to alter the phasc of tho
reference sine wave, to resolve the lincar misaligments
into the planes of rudder control surfaces. In this casc
the dart is allowed to roll. The information onthe orienta-
tion of the dart can be passed to the reference sino wave by
ncans of a pair of sine/cosine potentiometcrs or by means
of « magalip with a double rotor.

4,2.2 A polurisation method may be usede The 180° ambiguity can
be reaoved by nieans of a relatively poor quality froc gyro.

3 It nay be pussible to make use of an electromagnetic rudder servo.
A buoish nodel of a moving coil rudder servo has been shovmn to work
satiofactorily although it is too large to £it in tho 3" diancter dart.

4eli It should be possible now to go to AC nethods of measuring acceler:.tion.
Alternatively a valve accelerunster is conteamplated. It may take the form
£ n double triocde valve with the cathodes and anodes rigidly fixed and the
najs of grids allowed to move under accelcerating conditions. The changes
in {he two halves of the double triodo can be used to measurc acccleration,
fdowcver, a critical damping of this valvo accelerometer is difficult.

5. FLECTRONIC EXPFRIMENTAL TOOLS USED IN THE LONGSHOT DESICN AND TESTING

5¢1 Simulators

The motion of the Longshot dart can be expressed by differential
cquations, involving various aerodynamical constants and variables. These
differential equations can be solved by cleotronic means, In the control
of Longshot there is the problem of bringing the dart rapidly and stably
in to the beam axis., The dctermination of thc constants in the oontrol
circuit i= a simple operation using an elcetronic simulator,

/5.2
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5.2 Roll Measurement

To ansist in the design of the roll stabilisation unit (being made
at RAE) a method of roll measurement has been designed. An osoillator
foeding a dipole with its axis perpendioular to the dart axis, defines e
reference plans in the missile, On the growd the signals are reoceived
using an asrial system with a plane cof polarisation rotating at 50 o/s.
The signal received will be sine wave modulated and the time interval
between the zoro of the sine wave and a vertical reference pulse is a
measure of the rotational position of the missile. A continuously
woving film method of recording will be used.

5¢3 A Velooity Mcasuring Devioe

It is nccessary to moasure the dart veloocity more accurately than
the sresent method, i.e. a differentiation of the position co~-ordinates
mausied by kinetheodolitess A CW gystem is being designed to measure
the voppler shift in frequency of the signal refleoted from the missle.
™ frequency (or velocity) strobe locks on to the signal from the boost
and dart combincd. At the instent of separation, the strobe unlocks
automatically amd flies out to & high velocity, waits for a short time
and then runs down until it locks on to the signal from the dart, because
the dart is travelling faster than the boost, 1In this way a measure of
the dart velocity is obtained before and after separation.

Sek  elemctering

Work has been prococding on the design of a pulse telemctering system
for transmitting information fram the Longshot dart to a ground station
during flight. It will be possible to transmit back to the ground any
fivo desired voltages, whioh may be DC or AC up to a frequency of about
50 ¢/s to represent various acrodynamicel functions, or actual voltages
in the radio control circuits of the dart.
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